Objective To evaluate the trends in definitive contraception in a ten-year interval comprising the years 2002 and 2012. Method Retrospective analysis of the tubal sterilization performed in our service in 2002 and 2012, analyzing the demographic characteristics, personal history, previous contraceptive method, definite contraception technique, effectiveness and complications. Results Definitive contraception was performed in 112 women in 2002 (group 1) and in 60 women in 2012 (group 2). The groups were homogeneous regarding age, parity, educational level and personal history. The number of women older than 40 years choosing a definitive method was more frequent in group 1, 49.1% (n ¼ 55); for group 2, the rate was 34.8% (n ¼ 23) (p ¼ 0.04). The time between the last delivery and the procedure was 11.6 AE 6.2 and 7.9 AE 6.4 years (p ¼ 0.014) in 2002 against 2012 respectively. In 2002, all patients performed tubal ligation by laparoscopic inpatient regime. In 2012, the bilateral placement of the Essure (Bayer Corporation, Whippany, NJ, US) device was suggested to 56.1% (n ¼ 37) of the patients, while laparoscopy was suggested to 43.9% (n ¼ 29) of them. All women who underwent laparoscopic sterilization had the procedure successfully completed using silastic rings. The overall bilateral device placement rate for the Essure was 91.6%, with only one complication reported. All Essure procedures were performed in an outpatient setting; for the laparoscopy, this rate was 79% (n ¼ 15). No intentional pregnancies occurred until this date. Conclusions There is a trend in the decrease in definitive contraception over the years in our institution, maybe as a result of the development of long-acting reversible contraceptives. The hysteroscopic procedure has become a frequent option, as it is performed in an office setting without anesthesia, being a well-tolerated, minimal invasive method.
Introduction
Female sterilization is a birth control method performed worldwide, and 19% of women who were married or in stable relationships relied on it in 2015.
1 In Portugal, 2.6% of women in reproductive age performed tubal ligation.
2
Since 1995, a decline in the rates of female sterilization has been observed. This is hypothesized to be a result of demographic, economic, social, and cultural factors, such as delayed childbirth and improved access to long-acting reversible contraceptives (LARCs).
3 Despite this fact, female tubal sterilization is one of the most common interventions in the gynecologic practice, after cesarean section and surgical abortion.
4
Several methods for achieving permanent sterilization have been described, and subsequently modified to improve the success rates, using simplified surgical techniques and reducing the postoperative pain and the hospital stay. Nowadays, female sterilization can be performed using an abdominal or hysteroscopic approach. 4 The sterilization approach can be performed immediately postpartum, or as an interval procedure, unrelated to a pregnancy. Approximately 50% of female sterilizations are performed immediately postpartum. 5 Sterilization follows 8% to 9% of live births, most often at the time of cesarean delivery.
3
The first procedures for sterilization were performed through formal laparotomy incisions, frequently in association with a caesarean section. In the late 1950s, the possibility of approaching the tubes through a much reduced incision was recognized. 6 Since 1995, the adoption of laparoscopy as interval sterilizations has become more common, and has shifted the procedure from the inpatient to the ambulatory setting. The current methods of female sterilization include a variety of occlusion techniques, including bipolar coagulation, ligation, or mechanical occlusion techniques using spring clips or silastic rings. The hysteroscopic route avoids the transabdominal route, and the risks associated with the entrance in the peritoneal cavity are thereby avoided. It is supposed to result in less morbidity and a quicker return to normal activities. Another advantage of the hysteroscopic sterilization compared with the laparoscopic approach is the reduced need for anesthesia, with the possibility of sterilization in the office setting. These advantages make hysteroscopic sterilization a good option for women with contraindications to laparoscopy, or who just wish to avoid incisional surgery or general anesthesia. Conclusão Parece haver uma tendência para a diminuição da esterilização como opção contraceptiva, provavelmente devido à disponibilidade de diversos métodos contraceptivos de longa duração aliada aos benefícios não contraceptivos. A opção pelo dispositivo Essure, mais recentemente, é justificada pela sua realização em contexto de consultório, sem anestesia, sendo um método minimamente invasivo e bem tolerado.
Palavras-chave
The Essure (Bayer Corporation, Whippany, NJ, US) device is a metal and polymer micro-insert that is 4 cm long and 1 to 2 mm wide when deployed. It consists of an inner coil of stainless steel and polyethylene terephthalate (PET) fibers and an outer coil of nickel-titanium (nitinol). It comes loaded in a single-use delivery system. The device is placed under hysteroscopic guidance in the proximal fallopian tube. The coil initially is in a tightly wound state, and when it is deployed, it expands in order to anchor the insert in the tube. After placement, the PET fibers stimulate benign tissue growth that surrounds and infiltrates the device over the course of several weeks, resulting in tubal occlusion. 7 A disadvantage of this type of sterilization is that it is not immediately effective. Because tubal fibrosis occurs over time, interim contraception should be used until a 3-month post-procedure hysterosalpingogram/sonography can be performed to confirm bilateral tubal occlusion. The purpose of our study was to observe the trends in definitive contraception in a ten-year interval, 2002 and 2012, considering demographic data, technical approach and efficacy.
Material and Methods
We performed a retrospective study comparing the techniques used for definitive contraception in 2002 (group 1) and in 2012 (group 2) in our department (►Fig. 1). The demographic and social parameters, the previous contraceptive methods, and the rates of efficacy and complications were analyzed.
Laparoscopic female sterilization in 2002 (n ¼ 112) was performed in the standard inpatient format: patients were admitted on the morning of the previous day of surgery, and underwent tubal ligation under general anesthesia on the next day, with discharge on the following day.
In 2012 (n ¼ 66), the patients to whom laparoscopic sterilization without comorbidity was indicated, and those who lived less than one hour from the hospital, were admitted in an ambulatory setting, on the morning of the surgery, and underwent sterilization under general anesthesia, with discharge at the end of the same day. All Essure procedures were performed in a dedicated hysteroscopy clinic by the same person. Continuous flow hysteroscopy was employed using a 5 mm hysteroscope (Karl-Storz, Tuttlingen, Germany). The placement was performed according to the manufacturer's instructions. When the hysteroscopy was performed, the Essure device, placed at the tip of the disposable plastic handle, was inserted through the hysteroscope's working channel. After approaching the tubal ostium, the micro-insert was placed in the intramural part of the tube, expanded so that between 3 and 8 loops of the spring remained visible and detached from the handle. The remaining catheter was then retrieved out of the hysteroscope. The same operation was repeated in the contralateral tube. Intramuscular analgesia with nonsteroidal anti-inflammatory drugs (NAIDs) was generally administered prior to the procedure, if no allergies were documented. Three months after that, a transvaginal sonography was used to confirm the position of the tubal devices, or a hysterosalpingogram in selective cases.
Data , and women older than 40 years were more frequent in group 1 (49.1%; n ¼ 55) than in group 2 (34.8%; n ¼ 23), p ¼ 0.04. In both groups, the main population was composed of women who were married or in stable unions (►Table 1).
Hypertension was one of the most common medical disorders, with a rate of 18.8% in group 1 and 18.2% in group 2. History of venous thromboembolism was reported by 2.7% (n ¼ 3) of the women in 2002, and by 7.6% (n ¼ 5) of the women in 2012. Varicose veins were diagnosed in 27.7% (n ¼ 31) of the patients in group 1, and in 13.6% (n ¼ 9) of the patients in group 2 (►Table 2).
The mean parity was also similar in both groups. The last delivery occurred 11.6 AE 6.2 years before the sterilization in group 1, and 7.9 AE 6.4 years in group 2 (p ¼ 0.014).
The contraceptive methods used by these women when they decided for a definitive method were mainly combined oral contraceptives (group 1: 42.9% ; group 2: 43.9%), followed by the cooper intrauterine device (group 1: 27.7%; group 2: 27.3%), and the male condom (group 1: 19.6%; group 2: 7.6%).
A contraindication or non-adaption to hormonal contraceptives and a LARC was present in 31.3% (n ¼ 35) and 9.8% (n ¼ 11) of the patients in 2002, and in 18.2% (n ¼ 11) and 19.7% (n ¼ 12) of the patients in 2012.
In 2002, tubal ligation by laparoscopy was indicated to all women, 98.2% (n ¼ 98) with silastic rings, and 1.8% (n ¼ 2) by bipolar coagulation. All the patients were operated in an inpatient setting; no complications were documented. In 12% (n ¼ 14) of them, other procedures were performed in the same operative time. In the post-operative visit (6 weeks after the surgery), no late complications were referred. One woman regretted having undergone the procedure, performed a tubal anastomosis in 2007, and later had a successful pregnancy. No cases of unintended pregnancies were documented in the remainder of the group.
In 2012, laparoscopic sterilization was indicated to 43.9% (n ¼ 29) of the patients. Out of these, 10.3% (n ¼ 3) gave up, 3.4% (n ¼ 2) decided to perform it in another hospital, and 3.3% (n ¼ 1) opted for a levonorgestrel intrauterine system (LNG-IUS). Silastic rings were used in 95.6% (n ¼ 22) of the women, and bipolar coagulation, in 4.3% (n ¼ 1) of them. No immediate complications occurred; 30.4% (n ¼ 7) of the procedures were performed in an inpatient setting (►Fig. 1). For these, the mean hospital stay after the procedure was 2.8 days. In the post-operative visit, 6 weeks after the surgery, no late complications were referred, and all the patients were satisfied with the method. The Essure device was indicated to 56.1% (n ¼ 37) of the patients in group 2. The overall bilateral placement rate was 91.6% (33/36). In one case, one of the coils exteriorized the day after the procedure, and a new one was placed. There were no complications recorded immediately after the procedure, and there was no need of recovery. The procedure in general was well-tolerated. In the three cases of failure, the reasons were left tubal ostium occlusion in one case, and non-approachable tubal ostia in two cases. In all of these cases, the previous contraceptive method was the male condom. The tubal occlusion was performed by laparoscopy in one case, by mini-laparotomy in another, and the third woman opted for a subcutaneous implant.
All patients kept the previous contraceptive method until the 3 months' visit. The 3 months' sonography was doubtful in one case. The patient performed a hysterosalpingogram that showed bilateral occlusion. The rate of failure was 0% until this date.
Discussion
The number of women to whom sterilization was indicated decreased from 2002 to 2012. The study compared the years of 2002 and 2012, and the number of patients, nevertheless, is limited. In Europe, according to the latest data from the United Nations, female sterilization rates declined from 4.5 to 3.7 between 1994 and 2015.
1 In Portugal, this rate declined from 4.6% to 2.6% between 2005 and 2015.
2 Nowadays, there is a variety of modern methods that provide long-acting reversible contraception and have other benefits besides contraception. The efficacy of the LARC, the intrauterine device (IUD) and the subcutaneous implant appears to be comparable to that of the permanent contraception. The first-year failure rate of the copper IUD device is 1%; for the LNG-IUS, it is 0.2%; and for the subcutaneous implant, it is 0.01%. 8 Those rates are similar to the rates of the definitive methods (laparoscopic sterilization with silastic ring: 0.5% 9 ; Essure: 0.04% 10 ). The LNG-IUS and the contraceptive implant have important noncontraceptive benefits, including potentially decreased or absent menstrual blood loss and decreased dysmenorrhea.
11
This study is retrospective; it compares two different years and, consequently, the methods of sterilization used in different surgical approaches. The procedures were performed in different subjects, who may also have different perceptions of tolerance and satisfaction. Finally, the environment in which the procedures were performed (hospital admission and general anesthesia against outpatient office and no anesthesia) influence the patients' choice and satisfaction with the procedure itself.
The groups were very similar in mean age, parity and personal history. Group 2 had more women older than 40 years old looking for a definitive method, and the mean time between the last delivery and the procedure was shorter in group 2 than in group 1. As a result of the delayed maternity, women complete the reproductive plan later and take less time to seek a definitive procedure.
3
Among the techniques available in 2002, the standard procedure was tubal ligation by laparoscopy, which was performed in all women. No complications were documented, and the rate of satisfaction with the method was of 100%. In 2012, the number of patients who chose Essure was larger than the number of patients who chose laparoscopic sterilization. Hysteroscopic sterilization offers obvious advantages to the patients, since it is a less invasive and well-tolerated method, performed in an office setting. However, insertion of the Essure system requires learning; therefore, all of the procedures were performed by an experienced senior physician. The rate of bilateral placement was high, 91.6%, similar to the rate reported in the literature, which is between 92% and 99%. 7, [12] [13] [14] [15] [16] [17] Most of the women who opted for the Essure (53.3%) were using a combined oral contraceptive that controls the menstrual cycle, facilitating the procedure.
Although both methods could be performed in an ambulatory setting, the Essure requires less time from the patient, with no need of recovery and a quicker return to the daily activities.
Despite the elevated price of the Essure, which is around 922.5€ in Portugal, the total costs of the laparoscopic tubal ligation, namely nursing, operative room and ancillary costs, are higher compared with hysteroscopic sterilization.
The most commonly reported complications of the Essure are malpositioning, chronic pain, unintended pregnancy, infection, uterine or tubal perforation, device expulsion, and device migration. Nickel allergy was also reported. 18 None of these adverse events have been recorded in our study.
Regarding the analgesia used in the placement of the Essure, there is a variety of studies that evaluate the pain during the procedure, and different analgesia protocols were used in them. Thiel et al 19 compared intravenous sedation with oral analgesia, and concluded that they are equivalent. Although sterilization is meant to be permanent, some women will express regret and request a reversal. The pregnancy rates after tubal ligation reversal range from 68% in women with a previous electrocautery procedure to 72% in women with silastic rings. 20 Regarding the Essure, successful pregnancies were reported after micro-insert removal with tubal implantation to correct the interstitial occlusion by the laparotomy approach.
21
A modified Essure implant (ESS505), with a synthetic polymer hydrogel seal on the distal end of the insert that when exposed to an aqueous environment causes the distal end to swell, potentially allowing immediate tubal occlusion, was created. This technique has been developed to avoid the 3 months' contraception and confirmatory test. The preliminary results revealed that this modified device was able to acutely occlude the targeted fallopian tube in the majority of cases (93%).
22
Finally, considering the theory of the tubal origin of ovarian cancer and the hypothesis that salpingectomy may decrease the risk of it 23 , bilateral complete salpingectomy is now being considered as a method of sterilization that could potentially decrease the risk of ovarian cancer. Theoretically, bilateral salpingectomy is 100% effective, although at least 1 case report describes a pregnancy after bilateral tubal removal. 24 Thus, in women undergoing tubal ligation for purposes of sterilization, counseling should include a discussion of complete fallopian tube removal, or opportunistic salpingectomy. Women should be informed that the potential benefit is theoretic, that there is the potential for increased surgical risks and compromised ovarian blood supply, leading to premature ovarian failure, and that they will not have the option of tubal reversal.
25

Conclusion
In conclusion, the search for definitive methods is decreasing in our institution. The satisfaction rate was very high, and the complication rate was very low for both methods. For most women, both the laparoscopic and hysteroscopic techniques are effective options. The surgical approach depends on the patient's specific situation and her personal preferences and values. For women who desire a method that is immediately efficient and requires no further follow-up, the laparoscopic approach is preferable. However, for those who would like to avoid abdominal incisions and general anesthesia, hysteroscopic tubal occlusion may be the best choice. Gynecologists should take each woman's individual circumstances into account and provide directed counseling to help patients with the decision-making process.
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